Background: Gastroesophageal reflux disease (GERD) is associated with high utilization of health care services. Diagnostic tests usually are not required to establish GERD diagnosis, but endoscopy is recommended for patients with alarm symptoms such as dysphagia and unintentional weight loss, and those whose symptoms are not relieved by proton pump inhibitors (PPIs) therapy. Evidence on the correlates of utilization of gastroenterology health services among GERD patients is limited. The study aim was to examine associations of patient and physician's characteristics with high utilization of gastroenterology services.
Background
Gastroesophageal reflux disease (GERD) is common worldwide [1] . Complications of GERD include erosive esophagitis (EE), Barrett's esophagus (BE) [2] and esophageal adenocarcinoma [3] . Diagnostic tests usually are not required to establish GERD diagnosis [3] , but endoscopy is recommended for patients with alarm symptoms such as dysphagia, unintentional weight loss and anemia, and those whose symptoms are not relieved by proton pump inhibitors (PPIs) therapy [3, 4] .
GERD negatively affects quality of life and causes substantial economic burden to the health care system and reduced work productivity, especially in patients with severe and frequent symptoms [5] [6] [7] [8] . The economic burden attributed to GERD is driven by consultations costs, diagnostic tests and medications [9] [10] [11] . Most studies on utilization of health care services among GERD patients assessed general services such as hospitalizations, emergency department visits and physician visits [5, 6, 8, 12] , mostly according to intensity and severity of symptoms [5] [6] [7] [8] , with limited or no adjustment for patient's characteristics (such as demographics and comorbidity) or physician's characteristics [5, 6, 8] . Only few studies assessed utilization of gastroenterology health services among GERD patients [10, 13] . A study on repeated upper endoscopy in the Veterans Health Administration included 14,284 patients with reflux [13] , indicated that 54.2 and 31.5% of the repeated endoscopy in this group were classified as probable and possible overuse, respectively, while only 14.3% likely represented appropriate use. Understanding the correlates of high utilization of gastroenterology health services among GERD patients may be the first step towards efficient, cost-saving and safe treatment. Accordingly, the aim of the current study was to examine associations of patient and physician's characteristics with high utilization of gastroenterology services (outpatient visits to gastroenterology consultant and gastroscopy) among patients with GERD. 
Methods

Study design and population
A cross-sectional study was conducted using the computerized databases of Maccabi Healthcare Services (MHS), the second largest integrated care organization in Israel. MHS currently has over 2 million members, comprising about 25% of Israel's population. Data of all patients aged more than 18 years with GERD between January 1, 2012 and December 31, 2015, were analyzed. Patients with GERD were identified using physician's diagnosis code of the International Classification of Diseases, 9th edition (ICD-9) for GERD (530.81) or MHS corresponding codes (Y14968 code for esophageal reflux, gastroesophageal reflux disease, GERD, and reflux esophageal).
The dependent variables
High utilization of gastroenterology services was defined as: 1) undergoing two or more gastroscopies; and 2) six or more (upper tertile) visits to gastroenterology consultant, during the four-year study period. The diagnosis of uncomplicated GERD usually does not require gastroscopy [4] . In the study sample, 42.6% of GERD patients underwent at least one diagnostic gastroscopy during the study period: 27.7% underwent one gastroscopy and 15.0% underwent two or more gastroscopies. Accordingly, we considered that undergoing two or more gastroscopies during the study period as high utilization of gastroscopy.
The independent variables
The selection of the independent variables was based on our hypothesis that characteristics of both patients (e.g., age, comorbidity), and physicians (e.g., board certification), are related to utilization of these services. This was stimulated by previous studies on associations of demographic and clinical factors with health care utilization [6, 12, 14, 15 [17] , hypertension [18] and cardiovascular disease [19] . Information was obtained on purchasing PPIs; patients were classified as high users if they had above the median number (eight) of PPIs purchases in the study sample.
Characteristics of primary care physicians
A primary care clinic can include several physicians who treat patients, and a manger (mostly one of the primary care physicians in the clinic). We extracted information on both the treating primary care physician and the physician-manager of the clinic. Data were obtained regarding the physician's board certification (none, family medicine, internal medicine, medical director and other) and physician's seniority (categorized as having above the median number of seniority years versus having the median or less of seniority years).
Statistical analysis
Differences between patients with high utilization of gastroscopy (undergoing two or more tests) and those who one or no gastroscopy, in demographic and clinical characteristics were assessed using the chi-square test. Multivariable analysis was performed using logistic regression models. Similar analyses were performed for the dependent variable high utilization of visits to a gastroenterology consultant (six or more). Unadjusted and adjusted odds ratios (and 95% confidence intervals) for each independent variable were obtained from logistic regression models. Statistical significance was set at P < 0.05. Data were analyzed using SPSS version 25 (IBM, New York, United States).
Results
We identified 75,219 patients (57.1% females) with GERD with a mean age of 53.1 years (standard deviation 15.9). Additional demographic characteristics are presented in Additional file 1: Table S1 . Overall, 11,261 (15.0%) underwent two or more gastroscopies and 23,703 (31.5%) had six or more visits to a specialist in gastroenterology. Factors associated with high utilization of gastroscopy (two or more tests)
The percentage of patients aged 55 years or older was higher in those who had two gastroscopies or more than in patients who had 0-1 gastroscopies. The group of high utilization of gastroscopy included also higher percentages of patients who were born in the FSU, residents of Jerusalem and the south districts; and patients with heart disease, diabetes mellitus, hypertension and high PPIs purchases compared to the group who performed 0-1 gastroscopies. The percentage of physician-managers who did not have a board certification was higher in the high utilization group (Table 1) . A multivariable analysis showed that compared to patients aged 19-34 years, the likelihood of high utilization of gastroscopy significantly increased with age. Patients who were born in FSU had 1.39-fold increased likelihood for high utilization of gastroscopy than those who were born in Israel. Compared to residents of the center district, residents of Jerusalem and the south districts had more than 2-fold higher likelihood for gastroscopy high utilization and patients who lived in Haifa and north districts had~1.50-fold increased likelihood. Patients with high number of PPIs purchases had 2.43-fold higher likelihood for gastroscopy high utilization compared to patients who had less PPIs purchases. Having a clinic physician-manager without a board certification was associated with 1.27-fold higher likelihood of gastroscopy utilization compared to having a physician-manager with board certification in family medicine (Table 2) .
Factors associated with having six or more visits to a gastroenterology consultant A higher percentage of females and older patients was found among those with high number (six or more) of visits to a gastroenterology consultant than in patients who had less visits. The former group included also higher percentages of patients who were born in Asia/North Africa and who had a high number of PPIs purchases (Table 3) . The strength of these associations was mostly attenuated in multivariable model (Table 4 ).
Discussion
We found that the utilization of gastroscopy and/or visits to a gastroenterology consultant by GERD patients increased with age. There was a higher utilization by patients in the peripheral districts than in the center of Israel; by patients born in the FSU than in those born in Israel; by patients with heart disease, diabetes and hypertension; and by patients of primary care clinics headed by non-board certified physicians.
The finding that utilization increased with patients' age is probably explained by physicians' concerns of GERD complications such as EE, BE, and esophageal cancer that increase with age [20] [21] [22] [23] , However, this is an unlikely explanation for the observed higher utilization of gastroenterology services by patients from the periphery compared with those from the center of Israel. Regional differences in the severity and complications of GERD are not expected. Therefore, these differences probably reflect variation in referral policy across districts and warrant further exploration. A study from the United States on repeated upper endoscopy in general, showed similar regional differences, even after controlling for diagnostic codes of gastroesophageal illnesses [14] .
Patients born in the FSU and in Asia and North Africa utilized gastroscopy more than patients who were born in Israel. This might be due to differences in the severity of GERD and/or its complications. Indeed, it has been shown that Israelis born in FSU and Israelis who emigrated from Asian countries (mostly west Asia) display higher risk for gastroesophageal adenocarcinoma than persons born in Israel [24] . Ethnic differences in esophageal pathology in patients undergoing endoscopy were also reported in the United States [25] [26] [27] [28] .
The association between the number of PPIs purchases and utilization of services is probably due to the intensity of GERD symptoms [8] . It is consistent with the observation by Mody et al. [29] that twice-daily PPIs use was associated with higher health services utilization and costs than once-daily use. The association of having heart disease, diabetes, hypertension and high number with visits to a gastroenterology consultant might be attributed to medical surveillance. The association with heart disease might be related to GERD symptoms involving chest pain in some patients. PPIs failure is common among diabetic patients [15] and this might explain the positive association of diabetes and utilization of services.
While health care utilization patterns and resulting costs are affected by the severity of GERD symptoms [5] and comorbidity, we also found that physician's education and training have a role in the management of the disease. In the Israeli system, referrals such as gastroscopy require approval of the physician-manager. Therefore, additional education or training of physician-managers who do not have a formal board certification in areas of family medicine/gastroenterology might be warranted to improve care and reduce cost related to GERD management.
The main strength of our study is its use of multi-year data of a large sample of adult GERD patients, who were identified by their diagnostic code. The code of GERD was partially validated by the purchases of PPIs by most patients at least once during the study period. However, the use of data from medical records of MHS database over a four-year study period has limitations. Differences might exist between physicians in documenting medical information. Information on the indications of gastroscopy and the results of the tests are lacking and we cannot determine whether the referrals were clinically appropriate or represented overuse of services. Therefore, our findings refer to correlates with high utilization of gastroenterology services rather than overuse.
Conclusions
Both patient and physician's characteristics play a role in high utilization of gastroenterology health services among GERD patients. The relationships with age and country of birth might reflect more severe disease in older people and some ethnic groups. The regional differences warrant further research and interventions at the district level. Training in gastroenterology of primary care physicians without a board certification is warranted.
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